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can we do better ?
←t

Recap : Call this a 1-Dim Range Tree :

RangeTrees : - Kd-Tree : General-purpose
- Space is Olnlogd"n) datastrutureforptsin " "

÷?
a

;÷g÷,"- Query time : - Orthogonal range query : npts has space Oln ) and

counting :O( logdn) count / report pts in axis -aligned / answers 1-D range count/rept
Reporting :O( ktlogdn) rect

.

. → An" "

*→Ink? login much better than - Kd -Tree : Counting :O(rn ) time lorolktlogn))
Report :O /Kern ) time .

No - of +4+1
..

. Vnforlarcgen .

pts reported
→ Range trees are more limited No .co/-ptsreporteds....: j⑨④É

"

④Y \Layering : Combining searohstructuresipangep.ee/IwM'
¥7

⇒ * ¥
- Suppose you want to answer a
composite query iv. multiple

- Medical data : count subject;yÉ?
'

' ' ' . -

' *☐ ☒ ⑨ ☒ ☒ ☒☒☒

criteria :

"
Qb" Q¥H§§
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⇒

. Age range : qosagesani .

age 1-Dim RangeTree :

⇐
Canonical Subsets :

Weight range : wiosweightswni ☒<oÉÉ-%Ñ
'

- Goal : Express answer as
-Design a data structure for a Qui → Count :4 disjoint union of subsets
each criterion individually Approach :

Rept:b""" - Method : Search for Qur
- Layer these structures together - Balanced BST ( e.g. AVL ,RD;) Qui- take maxima / subtrees
to answer full query

- Assume extended tree ?
- Each node p stores no ,

of
→ Multi- Layer DataStructures entrieinsubtree:p .

size ←¥µ " "

°
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Recursive helper :
⇐

More details :

" range :b:-p
"

"

:÷µ ; ; :|int range 1D×( Nodep , Given a 1-Drangetreet : °

,

0

IntvQ=[Qw,Qn;] .IN/-vC'=lxo.xiD-LctQ--LQw.Qni] be query • p

initial call : rangetdxlroot.Q.co ) interval 51ps / | : :| p .

! ! !
- Foreachnodep ,

define -

" " i÷
ooo

Cases : interval cell C
' :[xo ,×, ]

""
" ""

•

°

- Jlp/ ☒
pis external :s.t.at/ptsotpisvbtree2-DRangeSearching:.-ifp.pt.xc-Q-s1else→ 0

.

lieinc
.

-
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Layer "a range tree for ✗ with .

pis internal : - Root cell :C' :-[-9+0]

# range
tree fury

- C' c- Q ⇒ all ofpiptslie - For each node pest - ✗ tree
>
let

within
query SYpt-se.to/-ptsinpisubtree.-iiangiTreeiIwT→ return p .
size - Def :p .nu/i:A1D-ytreefor

P ' Icp )
' ' ' ' ' '

'

Analysis : §
1 I 1 I 1 1 11

int range1Dx( Node p ,¥%fn
: ✗ , IntvQ.T-ntvo-txo.x.DE .-

g
Lemma : Given at-Drangetree .

ifcpis external ) t> 1 with npts , given any interval
- C' is disjoint from Q ⇒ none ( returnp.pt.xc-Q-j.co/Q.cancomputeOllogn)subtreesofpiptslieinQ) | elseiflcso) return p.sizewhose-guery.TW→ return 0 else it (Q&adisjoint) return
- Else partial overlap else return :mng.wg.wyaix.my?,nm.gwen,,.ang.y,g.
→ Recurseohpi children '¥p¥ , can answer range queries in
+ trim the cell ? trangel.Dxlp.right.Q.lp.my#/tinieOllogn)......(--ktorport)
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Answering Queries ? Higher Dimensions ?
Given query range

To;☐
""

2DRangeTree :
- Construct ID range tree

-In d-dim space ,
we create

Q=[Qw.x.Qhi.it/lQio.y.Qni.y] based on ✗ words for all pts d- layers
- Run range

1Dx to find all - For each nodep : - Each recuses one dim lower
subtrees that .mn#u+e.u+syp,bep+.otp;+reeJon+i1wereads.dsearuh- Foreaehsuchnodep .

-Build ID rangetreefor - Time is the product :
run rangebdyonp.am Slp ) based on y→p.aux login . logn . . - - logn=OHogdn)

.

- Return sum of all result
.

- Final structure is union of
. I ⑧ .

✗- range tree """
""

" " " " " "

oj
"

"absinthe # search .ie.

ofollogn> timer generates
Ollogn) calls to 1dg search

'

'
, i , i - ⇒ Total : Ollognilogn )=O(login)

&ÉQhix Tip> 8D intrangeZDINodep.RectQ.IN/-vC'=lxo.x,D1 Analysis : ⑤
. ÷, µ :| ! :|; ;µ-Qni*Y

- ran tree if / pis external > return ;p .pt
c- Q ?

.

.

else if( ✗ contains C) DC's Qix - projection" [ yo ,y ,
]=[-N

,
-1N] llinity -cell

•

- °o° ° ! • °o° -0110.7 ( return
range ]☐y(p.au×,Q,[ yo ,y ,

]) ←
Invoked 0%9"
times - once

Intuition : The x- layer finds { else if( a. ✗ is disjoint of return 0 Permaiimal
subtree

subtrees p contained in ✗- range else llpartialx -overlap
+ each aux tree filters based return rangeZDlp.IE/-t,Q,IXo,p.x]) times - once for

+ range ( p . right,Q,[pyx ,])

Invoked Ollogn)

each ancestor ofon Y .

}
Max subtree
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